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1- I, Ulrich Bingel, Dipl-Ing.CFH) 

Hirtenteichstrasse 3, 73457 Lauterburg, Germany 
am one of the inventors of the above referenced apphcation US Ser. No, 09/888,214 filed 
June 21, 2001 


2. I received a degree as a graduate engineer in surface technology and materials science firom 
the advanced technical college at Aalen, Gennany (Diplomingenieur (FH) 
ObcrflSchentechnik und Werlcstoffkunde fxom Fachhochschule Aalen) in Febriiary, 1990. 


I am currently a postgi-aduate student of materiaJs science (Werkstoffwissenschaften) at 
the mining academy (Bergbauakademie) at Freiberg/Saxdnia. 

3. Since November 1989 I was employed by Carl Zeiss at Oberkochen, Geimany as head of 
experimental galvanic group of the research and teclmology department. 


There I was inter alia occupied with galvanoplastic manufacture of x-ray mirrors for space 
telescopes and supervision of manufacnirc of mandrels (negative fomis) for such min-ors 
and with the development of special galvanic coatings. 
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- Subsequently since January 1999 I worked in the production service unit of the same 
firm, supervising galvanic production and galvanic prototypingj Tliis included 
development work, inter alia galvanofomung and analytical and practical work. 

- Subsequently since October 2000 1 was employed by Frau/nhofer Institute for /f '-^^-^ 
Manufacturing Engineering and Automation IPA, depaxtment of surface technology, in 
Stutigart, Germany. There I was occupied with a broad range of projects in galvanic 
technology^ inter alia in the manufacture of neiiu-on minors by copper galvanofonriing. 

- Subsequently since April 2003 I am employed by Carl Zeiss Laser Optics GmbH, 
Oberkochen, where I am occupied with dovelopmenl and laboratory production of optical 
componenia like extreme ultraviolet mirrors using galvanoforming. 

4. During all my above cited activities I was occupied with ecientific and research work; 

a) My Diploma thesis in 1989 was titled; 

"Manufacture of an aluminium galvanoplasiic in non-aqueous solvents" 

b) Some of my publications are; 

(1 ) "Mirror system for the German x-ray satellite ABRIXAS: L Flight mirror 
fabrication, integration, and testing" 

Altmann, J.; Eglc, W.I; Bingel . U. et aL Proc. SPIE Vol. 3444 (1998), p. 350 - 358. 

(2) *' Herstellung eincs Neutronenspiegels mittels Oalvanoformung'* 
(Manufacture of a neutron mirror by galvanofonnuig) 
Wolf,0.,BmggLU.etal. 

Fachzeitschrift Galvanoteclmik (1999), 1845 Leu2c Verlag, Gennany (in German) 

(3) ^Production and resting of development mandrels for Constellation-X" 
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Eglc» W. et al.; Bingel, U. 

Proc. SPE Vol. 4012 (2000), p. 548 - 558. (NASA contract No. NAS 8-99245) 

c) I have made a number of inventions: 

See enclosed list of 14 pubUshed applications of 12 different inventions including Uie 
one addressed here (no. 1 1 ) 

The examiner has raised quegiions about tlie proper understanding and teaching of the 
specification, paragraph [0025] onp 6, of my above cited application. 
This reads: 


a) " 0025 The minor elements 9 placed on the basic body B are connected to the basic 
body 8 by a galvanoplastic joining technique, as indicated by an intemiediate layer 10 
between the mirror elements 9 and the basic body 8." 

This is a proper translation of my original Goman text p. 6, 3'" paragraph of priority 
document: 

,X>ie auf den GruodlcOrper 8 aufgelegten Spiegelelemente 9 werden durch ein 
galvanoplastisches FUgen mit dem Grundkbrper 8 verbunden, wie dies durch eine 
Zwischenschicht 10 zwischen Spiegelelement 9 und dem GlaskOtpei 8 angedeutet ist." 

b) From the context and tlie reference numerals it is clear, daat this text is related to the 
drawing fig, 2. 

I understand this fig. 2 as a schematic sketch which is not representing an exact binding 
consnuction, but which is an illustrative aid for understanding. 

c) Tlie word "indicated" - translated from "angedeutet" is understood by me like 
synonyms "hint" or "suggest" (see LEO translation of "andeuten") in the same way as 
ai^ illustrative aid for understanding. 
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d) The word "layer" addresses the fact that Galvanoplajlic articles are of a generally flat 
extended shape, as the production occurs generally by an increasing thickness over a 
mold (mandrel). It is tyijical that this process leads to rounded out and thickened 
portions at the back side of edges of a mold. 

e) The words "Intermediate" and "between" are translated from tl^e same German word 
"zwischen", where "imermediate layer" is lexically found as a one-to-one translation 
(end.) of "Zwischenscliicht" and "bet^veen" is a very nonnal translation of "zwischen". 

Now the enclosed "Meiriam Webster Online Dictionary" entry "between" shows as 3b 
tlie meaning (hat is relevant here: serving to connect . 

f) Those skilled m the art of Galvanoplastic (i.e. galvanofonning, electroforaiing) reading 
the cited paragraph [0025] iji the context of my application surely would not interpret 
^■between" according to ^ of said dictionary to read " in the space tliat separates" 
wWch would mean that basic body 8, intermediate layer 1 0 md mirror elements 9 
would be staclccd one above the other (sandwiched). This would contradict the first part 
of the same sentence "minor elemeiits 9" placed on the basic body 8 and the showing 
of Pig. 2 (original), where basic body 8 and intermediate layer 10 arc hatched , so Uiai 
they show to be in fiecjisnal view, while muTor elements 9 are not, so that they arc 
shown in side elevational view. So Uiis drawing cannot be understood as a cross-section 
of Q stacked anangement, but mirror elements are located beliind the plane of drawing 
- and behind the intennediate layer. 

g) Consequently I am sure, that our specification clearly teaches the speciaUst in 
Galvanoplastics to make a joining, which in a cross section orthogonal to the one of 
Fig. 2 looks like the schematic sketch of Fig. 2b filed in Febmary 2004. 

The specialist would not consider a spacing between mirror elements 9 and basic body 
8. but these touch each other, and galvanoislastically made interaiediate layer 10 will 
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^ ^^'^ interspace between the different minor elements 9 (note plural) and the basic 

body 8 surface where not covered by one of the miiror elements 9. So a joiring 
"between" the mirror elements 9 aiid tlie basic body 8 will be established, the 
galvanoplastic iniennediate layer 10 will adhere to the covered surfaces. 

h) The specialist knows bow to as certaii> that tlie mirroring surfaces of mirror elements 9 
are not inadvertently covered by a galvanic deposit. Only conductive surfaces get 
covered by galvanic deposits. Paragraplis [OOIS] and [0028] - primarily related to the 
2"" embodiment, but combinable with the first according to pai-agraph [0033], first 
sentence teach that either a surface (metallic) is protected by a (non-conducUve) cover 
or a (non-metallic) body is selectively made conductive only where desired. 


So it is no problem for the specialist to keep the galvanic deposit off the miiroring 
surfaces. Such structured conductive surface of a substrate for galvanoplastics is 
described in my patent US 6,166,868, ool. 2 1. 56 - 67. 

6. From all these aspects L^t=^ it is my fmn belief and understanding, that those skilled in 
the ait of Oalvanoplastics are provided with an enabling disclosuie as to how to connect a 
plurality of individual optical elements (mirrors) to a basic body, by a galvanoplastic 
joining technique 

A word-by-word inteipretation of paragraph [0025] leading to a sandwich/stack 
configuration would not be considered by Oiose skilled in tlie art aaid would not distract 
them from adequate use of their slcill and of om- complete specification. 
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I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true and, further, that these 
statements were made with knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under § 1001 of Title 1 8 of the United States 
Code imd that such willful false statement Bijr jeopardize the validity of the appUcation or any 
patent issued thereon, 
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Abstract 

PUBUCAnONS 

Mirror systom for the German x-ray satellite ABRIXAS: I 
Flight mirror fabrication, Intogcat^oo^and testing 

^££DhQlA( Schwapr. Hertaert, Npiipschwpj ^^TT^ f nron , Carl Zeiss 


Publication: 

Publication 
Date: 


Proc. SPrF VQt, ^444. p, 1^Q-35a. )C-Rav QpMr.ty. yg' ^truments. and 
Missions. Rfchard B. Hpqv&r. Arrhur B. Walker; Frj?, 

11/1999 


Abstract; 

The dght ABRIXAS program schedule roqulres 250 mirror sheds to be produced, 
checked and accepted within one year, This naeana that the fabrication processes 
have to be ruHy understood and kept completely under control. This applies mainly 
for the mAjor production steps, ilk« goid-coating of the mandrels, Mckal 
eleccro farming , mirror shells release from the mandrels and mirror shells testing and 
acceptance. We will report about the way how we tackled rhese technical and logistic 
challengec. Another Important stap Tor the optical performance of abrIXaS Mirror 
Modules Is the Integration of the 27 mirror shells in the structural pares. This process 
requires high skOi and good control means, like optical collimator, CCd camera and 
sophisticated analysis tools In order to achieve opt)mai-co-allgnment of the 27 mirror 
shells axes and best confocallty. This Is guarantetid by dedicated test-facilllies and 
sophisticated analyses software. We win report about the results obtained on 
Integrated single mirrors shells as well as on' the ossembly of »l] 27 mirror chells. 


®20D4 SPIE'-Ttie International Society fvr Opttcdl Engineering. Downloading of the 
abstract b permitted for persons! use on//. 

You may ordor this paper or volume onllna 
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Herstellung eines Neutronenspiegels 
mittels Galvanoformung ^ 

iCTriPf;.?^^^^^ FsohhochschuleAafsn, Siudiengang ObBrffSohentachnik and 

chBn, Frol Dn-lng. JohBnngeorg Otto and Prof. DipL-lng. Peier Kurtz, F^chhochschule Aaien 


1 Einlertung 

Bereits vor Qber 30 Jahreh begann man mit 
Untersuchungen zu elher fokussleranden 
KlelnwInkelstreuapparaturfGrctretfendeinfal- 
lends Neutronen, (SmamAngl© Neu- 

tron Scattering). Hochaufl6sende Insirum&n- 
to verwenden bisher herkdsmmnche Loch- 
bienden-Kanrieras. Dabel nehmen disse mit 
bis zu 80 m LSnge sehr groBe AuamaOc an. 
VerwendetmanelneFokussIaremrichtung, so 
kann die Lange derApparatur wasentlich v©r- 
kQrzt werdon. Das sahelterta bishef an der 
rhangelnden Qualitat der optlschan Kompo- 
nenten. Ein weltarer Vortell des fokussierten 
Neutroneofitrahls l&t selns gr^Bere IntBnsltSt. 
Durch galvanlscheAbformung auf Giner Zero- 
dur-Form soil nun ein EHipsoldspiegel mrt fol- 
genden Bgenschaften angefertigt warden: 

- Brennweite f - 1 Q.OOO mm. 

- Purchmessard =275,2 bis 400 mm 

- Unge I = 600 mm 

- Mlkrorauhigkalt = 0,3 bis 0,5 nm 

- Wanddicke s = 1 mm 

- Gewicht =oa. 4,6 bis 6,7 kg 

Untersuchungen an einer ahnllchen Appara- 
tur In Grenoble erbrachton bereits orfolgver- 
sprechende Erkenntnlsse (20]. 

Abblldung 1 zelgt schematisch den Aufbau 
einer fokussierehden Kleinwlnkelaireuappa- 
ratur. An der linken Elngangsblende tritt ein 
Neutronenstrahl mit ©iner Wellenlango von 
gra0erl,5 nmein. Duroh den Beam Stopwird 
verhindert, daS dar Hauptstrahl direktauf den 
Detektor einfallt Dies wurde >u einer starken 
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Abb- 1: SchomaKscher Aufbau einar fokuaslere'nden 
winkelstreuapparatur 


StreuungfOhren. die dan Untergrund erh5hen 
wGrda Diirch Vergvendung des Beam Stops 
kann der Untergrund urn den Faktor vier ver- 
besaertwerden. 

Gar am Spiegel reflektferte Strahl durchdringt 
die Probe am rechten Spiegelausgang. In der 
Probe werden die Neutronen gestreut und 
treffen auf einen Detektor, Qber welchen die 
Auswortung erfolgt, 

Ein beaonderer Punkt des Neutronerisplegela 
(si die Reflexlonsscbicht. Ein Optimum ware 
erreicrt, wenn alch dor Neutronenstrahl gcs 
nQU30 wie rsflektJertes Lioht verhaltan wOrde,- 
Deshalb ist eine jsehr hoh® optlsche Qualitat 
d&rSplegalschalderforderllch. Es ist bekannt. 
daS Noutronen ©Ine sehr etarke Wechselwir- 
kung mit magnetischen Stoffen eingehen- Die 
Weoh$elwirkung ist noch starker als bai Ucht 
Schon klelne magnetische Domanen wOrden 
zu einer diffusen Streuung der Neurronsn 
filhren,WQswiederzu einer Erhohung des Un* 
tergrunds bel der Messung fiih ren wOrde. . 
Deahalb dOrfen nur nichtmagnetlecha Mate- 
riallen, w[© z, B. Kupfer, venvendet werden. 
Elngesetzt werden solche SAA/S-Apparatu- 
ren zum Teil bel der physlkallschen Grundla- * 
gonforschung, aber auch konkret for Werk- 
stoffuntersuchungen, Hauptgeblete rst da die 
Untersuchung der Elgenachaften von Poly- 
nneren (19-21]. 

2 Problemstellung und Losungsweg 

Z!el der voriiegenden Diplomarbeit war ©s, 
e(ne Technologia fur die Herstedung des 
beschrlebenen Neutronenspiegels fur das 
Forachungszentrum JOIfch zu ent- 
wlckeln. Da eine mechanische Fertl- 
gungaufgrundderdOnnen WandsrSr- 
kevon 1 mm und dergeforderten Ge- 
nauigkeit nicht realislerbar war, wur- 
de als Herstellverfahren Galvanofor- 
mung gewShlt. Auf einen AbformkOr- 
per (engl, = Mandrel), dtor dio exakt© 
Negativform der Splegelschale hat, 
wird galvanisch eIne diok© Schicht 
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Abb. 1 5: GetrenfTte Splegelachale 

unter© MeSgrenze dar Vermessungsappara- 
tur. Im Vergleich dazu llegt der gefordert© 
Sollwert a^rABRlXAS'Sohaien aus Nickel bei 
20 Bogenaekunden, 

Die G6\A/icht5bestlmmung dar Schale ©rgab 
770,48 g. Aus den Maften der Spiegelschale 
und der DIohte von Kupfer.iai3t sich daraus die 
mrttiare Schlchtdick&uon 1 ,24 mnn berechnen. 

6 ZueatniTienfassung 

Mrt den Versuchen konnte eine rahezu von In- 
neren Spannungen frele Kupferachlcht abge- 
schiedan.v/erd&n. Dabel wurden Versuche mlt 
Gleichstrom und gapulstern Strom sowie un- 
terschiedlfchen Stromdichtsn durchgefQhrt. 

EsJfe3 sich zelgen, da3 man (iber die Strom- 
dichte einen weaentlichen Snflufl auf die Jnne- 
ren Spannungen ausQben kann. So war oin 
Anstleg der Zugspannungen bel atelgender 
Stronnidlchte zu beobachten. 9ef sinkender 
Stronndtchte gingen die Zugspannungen 
zurtlck, beziehungsvveteB In den Druckberalch 
Ober Durch dan Einsarz von gepulstem Stronn 
konntsn noch b&ssere, d. h.spannungsSrmene 
Schfchtan abgeschieden wiarden. 
Bel dar Pulsstromabscheldung machte sich 
auch eIne starka Abhangigkeit des Sohicht- 
aufbaus von, dar Pulsform deuilich. Je nach 
Pulsform wurden Abscholdungen erhalten, 
die fOr die Anwendung nioht zu gabrauchen 
waren. Durch gezlGlte Variation Konnten diese 
Effekte aber unterdrGckt warden. 

Die Untersuchungan der mechanischen Eh 
genschaften zelgten. da(3 gegenOber den 


Normalwerten von Kupfer eine bdhere Harte 
und hohere Zugfestlgkeit erreicht Wurden. 
Durch Tempem eines Probespiegslssodtefest- 
gestellt werden, ob es zu einer Diffusion von 
Kupfer und Nickel Ineinander kommt. WOX- 
Untersuchungen zeigten, daj3 es bei den gege- 
benen Bedlngungen zu keiner Diffusion karrt 
Es wurdaolne Spiegelschala aus Kupfer (AS- 
fl/X^S-Mandrel # 27) hergestellt* Dfe lelchte 
Trennbarkeit vom Mandrel bestS-tigte die ge- 
ringen inneren Zugspannungen in der Kupfer- 
schlcht. Die mittlere Schicbtdicke betrug 
1 ,24 mm. Der visuelle EIndruckder Schale war 
sehr gut. Die optlsche Vermessung lieferle 
hervorragende Werta, vi/elche die Anfbrde- 
rungen In jederHinslcht erfOllen. 
Mlt den in dieser Arbeit gevuonnen Erkenntnis- 
sen 1st es mogllch grSBere Splegelschalen 
von sehr hoher Qualrtatanzutertlgen. 
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Prod«ctio« aad testing of development mandrels for ConsfeUation-X 
Authors: W. Egle*. I. AJtnuiaii, W. Jla&cr 
Zfii5s Optronik GmbH. 73447 Oberkochftn, Germany 

G. Derst, H. Hbefer. U. Bingd 
Carl Zohs, 13446 Oberkooben. Gcnnany 

ABSTRACT 

Two idfitjlicaJ Wolter type 1 mandrels with 50 ^ o - . 

2a/5s. la August 1599. both auuulrcl. have bc«d;rS^^^^ " ^'^'^"'^^ ^ 

Key optical perfonnanas of both mandrels: 

- Oa - axis HEW: < 3.2 arc sec 

- Nficro-roughness: better than 0.30 nm RMS 

2^ ^ortabout^.1. design, ^^bricano^ «,,dverlficadon ofthe^X-ny optical performance 
Keyword,:X.rayoptJcs.WolterlmandreU.Coastellation.X 


1 INTROUUCTION 
ConsteUation-X ie one of the msa X-ray nmsions planned by NASA. 
A flcot of d apacccraft. each having a aiagle noweiful Y t.i v . . 

Lagrange poiai of ihc earth 's orbii (LlS sST^t^l^ ^T^n "P^mcd in one 

light-weight, thin-^erf mirror shelli. indrndual murors are very stnbgeDt, requiring 
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GALVANOPLAST[C OmCAL MOUNTING o^ouated opdcal pan. .ad toLcpn^lou of , solid pm viO, 

BACKGUOUND OF THE l(JVEMT70N gUvwoSS^ ^""^^ ^'""^""^ i«>eco»otni«By by 

L FWd of to Invcocioo Bt^jgy DESCfilFTTON OF THE DRAWINGS 

7be preseoi inventioD rekteno an optical njoUDtioe for i •, icwui 

iE opiicij compooenl »jjd jnore jwriiculiirly to » bieb- no<u be described in further detail with 

precisioD optical taouoiing. refereoce to ibc ictampanyicg drawings, id which: 

2. Discussion of Il«)6vsai Prior Art ^ ^l*"^ ' scbemitii! overview of a g»lvaoopl«stic 

Particularly high raquireTijenis are placed nn tJDtiea] w tfrrT.k"^' , w • 

oountings for MteOite-boroe sysiams. Low weicht sod hich ^ wbeoDioc cross seetwu of a ajouniaa oa 

fl)ceb«Qicd and tbctaU loadinf iw required. Wjib predM ' " "^'^ " dtctropJilSog appaj-iws; aod 

ttfott-freemoluningot lb* optical coopooeots.Exiusples of " » 'h' pls« of 

known solaiiow io ibis fleld of use are given io Gsnmo 'he oouotiag and the Ubj. 

Pateni DE 296 03 024.4 U. aod the slate of the art eiied li DCTAlLED DfiSOUPTlGN Of PREFERRED 

: « . EMBODIMENTS 

pnisoocc of iheroQi] i£fccts. io oidti lo auiiin exUcin« of ^« *n ?! v"^ ^^'^ ^^"^ ^^"^ ^ sbtaihed com 

imagiiig qujiicy. ^* prefcrftbly providad wiih inj:ciliafy mcwjs (not 

MetaUic Bouotiogs „e usuaUy used in both field. ,f fvrn'V^l^uLT^b* ?i"S%t " 

' : , """^P^OC elements. likewise penamlag, foe ftoo stress. defonraaoDS of the 

,K<? i,T as a koown lechoique for the ptoductioa of ioDcr ring 2. Such dcfonnatiofls w brought about for 

Atiz..>^3lledpreovnonparT5,eveo mirror opiice, tor example. ^xatapk, by the oouoted optical conporcm or by Z 

Metalv usually alucninun] or aicUel or tbeir alloys, is elec- cooBeciioo ihweto. ' 
irolytically deposited on a iLOld core that ba. been a>ade ^ The webs 11, 12. li Itewise p»t„^i rehdva dianie.Br 

ibjctocse has beeo reached, the g^vanoplcs.ic part is .riu due to thermal ^^aneiot) wh 7,1= Se^Z 

^ • 35 '""b* 11. U. li. preferably ofter its release f rote 

It IS JtnowD fl-om East Gcnnao Patent DD lOi 320 A lo ^^e mold cora. in t. reaciionle&s proceis such as laser cutiiDg 

prDv,de a lone with a pwitively fitting riflg by galvaooplMiic The inner dng2 is prefcraOly salvatwpl.stjcally producwl' 

korfad Lll ^"'^^'^'^ ""'"^E of .he ^ a closed HnsTciuce ibis «ub«Lcidly witbs.^d^^^ovd 

eoj aod hav«g surfaces by tnem of which the leoi is froa ihe mold core by ihertnal shrinkina. The divided inner 
oceiveo ID 4 mourning. Vii closed ring, wbeo tbe/ojally « ring is thin conoeaied iudiWduaUy n each scKtaem 2n (o the 

iffi ."^r' ^ ''"^ ''•^ * '"^ componeot (Icds 7), and Uius cm take up ils thermal 

dJf.r.nl themal .xpaostoe. .xpansioo without stress. Tbe segments 2a can aUo be 

SUMMARY OP THE INVENTION eoovinuations of tba spring bioge beams Ik 

_ , r jiie iNVLNTiON Ths ibennal expaniion of ibo outer riog 3 is determioed 
Theobjectof the loveociooisa higb'predsiootnounting, «J ''V totograted solid liog (30 io FIG. 3). The tbenuil 

wbicb makes possible an opiioum decoupliog of (be oxpaosioo of the webs U, U, li (spring hinge beaiBS) is 

iTouated optical oompoocat from stresses. A funber object deterittineiJ by tbe olectrocbemlcaJly deposited material By 

of the mvemiofl is 10 provide a favorable production proctM " swiWe geoaaiiy (leoglh of the webs, and locle of 

for ibe oaouaiisg. inellnalioo to tbe plane of tbe tinjs 2, 3), it cJm be insured. 

These objects ire kiimed with an optical tnouotfac ai]d s '''« «n«uier known Lvm VS. Pot No. 5,162.951 (cited In 

process havfijg the following features: •"""e-mentionod Oertnap PaUnl DE 296 03 024.4 U). 

Aj3 optical oBouQtiQg for an opdcaj compooeot. eojuDtis- '^^^^ °/ "^SS does ool vary] 

ipg an iooer pcniou abutting Ibe optical eottpooeni. an outer T ^= mouniiog (1, 2. 3) can 

frame, aod a plurality of gnlvitQoplasticaljy-producadsoriiJB , "","1 ' *^ ""''^ ^^^^ ^ » 'lit 

bisge be4tas eotioeciiDg together the inoer portion and lil «l'=f'"P»«"^ff oppy^f"* 

outer ftimc . The mold core 4 cas cODsist of gl»«, which is cojted by 

A process for ptoducUoo of .n , oplical mouoting with f^''S!tT\''^' ^{/^1«'^.'^«P"'"<=». spvir-ering. 

spnne hiiige bejms. inchidcs placiog a base for at lew one k ' * '^cniciUy cooducave tbio layer in the 

portion of an optical mouoting in an eJccttocbaiDical apna- T °i ""^""^"S, sitber strueiured by a mask or 

ralus «nd forming ai Icuxi a portion of the optical moun.be f"™"'' etcbmg after Ibe surfaces that are ,o remain 

by EalvaBoplwUc deposition » tsMk. wbicb may be pboiolitbo- 

TT>e use of 6.1vaooph.,y m^es it pccsiblc ,o produce a '^^'lYr'nt^?,""''"- 

very delicate mouatiog wiih the gfeatesi teprodudble accu- y ^T- k 5 ^sfl. P«a*ioD tum.d, ground and 

racy it law processing steps t«T»roauciDje accu- poluihod, is shown here. Ii Is provitlcd win, ao insulating 

Bcctrocbemical dcpodtioo is sl^ultaoeou.], v..d .s a " KUV^'tbe wob/u' 1°^ "5' T'^'^^ ""^ 

joionng .ccbni... for adbesive-free conn.cL to .b. ^ri^T^olbrgirLy^^el^^^ 
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